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High-Permeable Concrete with Drainage Effect : 
Analysis of the State and Prospects of Development
The subject of this work is a multi-criteria analysis of the status and technology development prospects for the production and use of 
highly permeable concrete with a drainage effect, to which are assigned materials with a permeability coefficient of at least 0.1 cm/s, 
provided with highly porous structure concrete without taking into account technological holes. Analysis of the results of experimental 
studies performed by both domestic and foreign authors in the last decade, and presented in an open peer-reviewed sources, allowed 
to structure highly permeable concretes on a functional purpose. Highlighted concrete for road and sidewalk coverings, filtration sys-
tems and drainage gutters, as well as decorative concrete with an organic plant layer, the so-called “green concretes”, which, in turn, 
are used for both horizontal and vertical engineering solutions, and characterized high architectural expressiveness. The accumulated 
empirical material made it possible to generalize and structure the available data according to criteria such as the type of binder used, 
the genetic type of rocks used to obtain coarse aggregate, and the type of functional additives. The analysis of the results of work on 
the development of rational compositions, increasing the drainage ability, strength, wear, frost and corrosion resistance, as well as 
studying the mechanism of clogging of through pores and the destruction of highly permeable concrete, is presented. Defined bound-
ary values of porosity, strength, and water permeability coefficient for the concretes type under consideration depending on the func-
tional purpose. The existing problems are identified and ways to increase the efficiency of highly permeable concrete with a draining 
effect are outlined.
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The work is realized in the framework of the President Grant in Rissian Federation № NSh-2584.2020.8.

For citation: Strokova V.V., Stojkovich N., Laketich S.K., Zhao P., Laketich A., Laketich N. High-permeable concrete with drainage effect: 
analysis of the state and prospects of development. Stroitel’nye Materialy [Construction Materials]. 2020. No. 4–5, pp. 32–61. 
(In Russian). DOI: https://doi.org/10.31659/0585-430X-2020-780-4-5-32-61

В.В. СТРОКОВА1, д-р техн. наук (vvstrokova@gmail.com); Н. СТОЙКОВИЧ2, д-р техн. наук (svnenad@yahoo.com);

С.К. ЛАКЕТИЧ1, магистрант (tsurkina.snezhana@mail.ru); П. ЖАО3, доктор философии (mse_zhaopq@ujn.edu.cn);

А. ЛАКЕТИЧ1, аспирант (aleksandar.laketic@hotmail.com), Н. ЛАКЕТИЧ1, аспирант (nemanja.03@hotmail.com)
1 Белгородский государственный технологический университет им. В.Г. Шухова (308012, г. Белгород, ул. Костюкова, 46)
2 Академия профессионально-технического образования – отдел Ниш (18000, Сербия, г. Ниш, ул. Александра Медведева, 20)
3 Университет Цзинаня (25002, Китай, провинция Шандунь, Цзинань, Западная дорога Нанксин-Чжуань, 336)

Высокопроницаемые бетоны с дренирующим эффектом: анализ состояния вопроса и перспективы развития

Предметом настоящей работы явился многокритериальный анализ состояния и перспектив развития технологий получения и применения высокопроницаемых бетонов с 
дренирующим эффектом, к которым отнесены материалы с коэффициентом проницаемости не ниже 0,1 см/с, обеспеченным высокопористой структурой бетона без учета 
технологических отверстий. Анализ результатов экспериментальных исследований, выполненных как отечественными, так и зарубежными авторами за последнее 
десятилетие и представленных в открытых рецензируемых источниках, позволил структурировать высокопроницаемые бетоны по функциональному назначению. Выделены 
бетоны для дорожных и тротуарных покрытий, систем фильтрации и дренажных водостоков, а также декоративные бетоны с органическим растительным слоем, так 
называемые «зеленые» бетоны, которые, в свою очередь, применяются как для горизонтальных, так и для вертикальных инженерных решений и характеризуются высокой 
архитектурной выразительностью. Накопленный эмпирический материал позволил провести обобщение и структурирование имеющихся данных по таким критериям, как вид 
применяемого вяжущего, генетический тип горных пород, используемых для получения крупного заполнителя, вид функциональных добавок. Представлен анализ 
результатов работ по разработке рациональных составов, повышению дренирующей способности, прочности, износо-, морозо- и коррозионной стойкости, а также изучению 
механизма засорения сквозных пор и разрушения высокопроницаемого бетона. Выведены граничные значения пористости, прочности и коэффициента водопроницаемости 
для рассматриваемого вида бетонов в зависимости от функционального назначения. Обозначены существующие проблемы и намечены пути повышения эффективности 
высокопроницаемых бетонов с дренирующим эффектом.

Ключевые слова: высокопроницаемый бетон, проницаемый бетон, проницаемое покрытие, дренажный бетон, пористый бетон, крупнозернистый заполнитель, сквозные 
поры, коэффициент проницаемости, механизм засорения.
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Nowadays the use of permeable concrete pavement 

and related studies increased due to its environmental 

friendliness, reduction of pollution and geothermal degree 

of the environment, the improvement of traffic safety 

conditions, especially during rainy days.

Due to the “frame – pore” structure and, as a result, 

high open through porosity, highly permeable concrete is 

characterized by a high filtration coefficient and enhanced 

drainage effect.

Highly permeable concrete is used in hydraulic 

engineering and road construction, in the creation of 

filters and drainage systems for the removal of melt and 

rain water from pavements, as well as in the installation of 

fasteners for earthworks and antimud facilities and other 

structures. In road construction, this type of concrete is 

used either as a supporting drainage layer, laid under the 

cover of a road and installed under a tiled floor or paving, 

or for the creation of parking lots, pedestrian and bicycle 

paths and other coatings with low traffic intensity. When 

necessary the structures of highly permeable concrete with 

a draining effect are reinforced, which makes them less 

susceptible to tensile forces.

The use of this kind of concrete eliminates the need to 

create storm collectors and communication modules, 

which reduces the cost of installing underground pipelines 

and storm drains, as well as their maintenance. Being a 

stable element of the urban drainage system, highly 

permeable concrete plays an important role in the 

reduction of local floods in urban areas, regulating the 

urban microclimate and maintaining the ecological 

balance [1].

A relatively new area of the use of highly permeable 

concrete, which is still not very common in Russia, is the 

creation on its basis of living concrete materials and 

systems [2–5]. They are aimed at the development of 

biophilic design in cities facing a changing climate and 

population compaction. Plant concrete [3–5] is an 

effective environmentally friendly material, which is 

increasingly used in the creation of architectural facades 

of buildings, sidewalks, car parks and embankments in 

order to reduce environmental pollution, control storm 

drains and prevent landslides. In comparison with existing 

living wall systems, light, “hanging like curtains on the 

building’s façade”, made of felt and plastic for example, 

the use of highly permeable concrete in the construction 

of living walls [2] helps to extend their life cycle and 

reduce cost by eliminating the secondary supporting 

structure and the possibility of integrating such walls into 

the structure of a building. 

However, despite the possibility of the use of a wide 

range of applications of highly permeable concrete, due to 

sufficient deformation-strength, thermotechnical, sound 

insulating indicators and high fire resistance, the problem 

of extending the life of this material in connection with its 

operation in conditions where it is subjected to a 

superposition of corrosive attack, physical, chemical and 

biological factors, as well as reduced permeability due to 

clogging remains not solved. It is obvious that each type of 

impact leads to operational fatigue of the building material 

and has a significant impact on the final resistance and 

durability of structures during operation, therefore 

permeable concrete requires regular maintenance by 

vacuum treatment, pressure washing, etc. Aggressive 

operating conditions cause the need to assess the impact 

and take into account the contribution of each type of 

impact, both in the development of optimal compositions 

and in the operation of structures made of highly permeable 

concrete, which is an important task during the development 

of the methods for resistance and stability prolongation.

Results of Published Data Analysis 
Issues of definition
In the course of the search and analysis of scientific 

literature, the divergence in interpretation were identified 

in understanding the key definition for the description of 

highly permeable concrete with a draining effect, and 

therefore, it is necessary to dwell on the issues of definition. 

To describe this type of concrete, scientists from different 

countries use the following terms: permeable [6–53], 

drainage [54, 55], high permeability [56], water permeable 

[57], porous concrete [58–69], living [2, 4], plant [3, 5], 

etc. The search of sources with all of the above terms was 

carried.

According to SP 28.13330.2017 [70], there is a 

classification of concrete by permeability, according to 

which the maximum values of the filtration coefficient 

(2–7�10–9/s) correspond to the concrete grade W4 of 

normal permeability. At the same time, according to the 

analysis of scientific literature, as well as regulatory 

documents of enterprises, concrete with a draining effect 

should have a throughput of at least 0.1 cm/s. In this 

regard, we can not refer drainage concrete to materials 

with “normal permeability” or to call it simply permeable, 

despite the existing classification. Therefore, we use the 

concept of highly permeable concrete.

The concept of permeable or drainage concrete is also 

understood as the creation of structural solutions for road 

surfaces and slabs, obtained on the basis of coarse or fine-

grained, dense or cellular concrete with the creation of 

service holes. Thus, in one of the analyzed works [7], the 

concept of permeable concrete was applied to porous 

concrete with technologically created through open pores, 

which fundamentally distinguishes this material from the 

rest. This work was included in the selection of articles, 

since it met the requirements for it. However, it is not 

correct to refer such material to permeable concrete, 

therefore, similar design solutions were not considered in 

this article when analyzing the compositions and 

technology of material production.

Despite the fact that there are many publications on 

the creation and use of highly permeable concrete [1–53, 

71–73], a number of unresolved issues remain related to 

the low strength and durability of materials. In order to 

generalize the research results, identify the applied 

technological solutions and their influence on the 

properties of the obtained highly permeable materials, the 

proposed analysis of scientific publications seems is very 

relevant.
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Thus, the subject of this article is the 

analysis of literary sources that consider 

the development of concrete with a 

permeability coefficient of at least 

0.1 cm/s, provided with a highly porous 

concrete structure without taking into 

account service holes that are used as the 

top layer of the structural solution in 

road construction, filtration systems and 

drainage gutters, as well as decorative 

materials and systems with an organic 

plant layer.

Analysis of the dynamics of publication 
activity

During the analysis we selected the 

articles published in leading peer-

reviewed Russian and international 

issues that were publicly available for the 

period for the period 2010–2020. In total 

we analyzed 76 scientific papers. This 

number did not include the works of a 

theoretical and review nature, materials 

from forums and conferences, texts of 

dissertations and monographs, articles 

that are in private or limited access, and 

summary research.

The analysis of publication activity 

was carried out on the basis of several 

factors, such as: the number of 

publications for a given period (Fig. 1), 

the involvement of scientific schools in 

different countries (Fig. 2), climatic 

conditions for the study of this kind of concrete.

During the ranking of articles according to the number 

of publications for a given period (Fig. 1), it was revealed 

that interest in the research topic has a pronounced 

growth. To date, the peak of publication activity is in 

2019, but the number of articles in the first two months of 

2020 is 22 of those published last year. This suggests the 

excess in indicator of 2019.

Fundamental and applied research in the field of 

development of highly permeable concrete is carried out 

by both Russian and foreign scientific schools (Fig. 2). 

The attempts to implement the research results with 

access to industrial testing of technologies also remain the 

prerogative of foreign researchers to a greater extent. The 

leading positions in the study of highly permeable concrete 

with a drainage effect are occupied by scientists from 

China, Malaysia, the USA and India.

Probably, the leadership of these scientific schools is 

explained by the need to solve practical problems relevant 

to their respective climatic zones, associated with 

increased amount of precipitation and air temperature 

that rarely drops below 0оC.

Thus, in the subtropical climatic zone (the USA, the 

Northern China), subtropical cyclones predominate, and 

precipitation occurs in the cold period, when the air 

masses move towards the equator. The subequatorial 

climatic zone (India, the Southern China) in the summer 

is influenced by equatorial moist winds, in the winter – by 

trade winds. The closer to the equator, the more it rains. 

The equatorial climate (Malaysia) remains virtually 

unchanged throughout the year. Temperature does not 

fall below + 27оC. Due to heavy rainfall, high humidity, 

fog and cloudiness are formed. 

Thus, there is a correlation between the interest of 

scientific schools involved in the study of highly permeable 

concrete with a draining effect and their belonging to 

certain climatic zones. At the same time, in recent years, 

the increase in the number of publications in which the 

results of studies on the development of compositions and 

the study of the properties of such a variety of concrete, 

design solutions for the use of products from high-

permeable concrete and the expansion of their use from 

drainage concrete for road surfaces to the so-called 

“Green” concrete, indicates the interest and demand for 

this type of composite materials in construction.

Analysis of the results of experimental studies
The analysis of publications revealed that it was 

impossible to specify the data on the properties of raw 

materials and developed concrete to uniform quality 

indicators, in view of the different presentation of 

information by the authors, which was reflected in the 

Fig. 1. The dynamics of publication activity

Рис. 1. Динамика публикационной активности

Fig. 2. Russian and foreign scientific schools that study highly permeable concrete with a 
draining effect

Рис. 2. Российские и зарубежные научные школы, занимающиеся исследованием высоко-
проницаемого бетона с дренирующим эффектом
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structured information of Table 1, as well as the absence 

of a number of physical and mechanical properties, which 

did not allow the inclusion of the results of these articles in 

statistical processing. On the one hand, this makes it 

difficult to generalize and establish the laws of the 

properties of the developed materials on the type and 

characteristics of raw materials, and on the other, it allows 

expanding the range of possible methods for the assessment 

of properties and controlled parameters.

For example, the authors of the works [1, 11, 40, 44, 

45] touched upon the issue of forecasting, as well as 

increasing the permeability and strength of studied 

material. A distinctive feature of the studies [6, 66] is the 

search for methods to eliminate of through pores clogging 

of highly permeable concrete material and the analysis of 

the mechanism of their clogging. In the works [37, 69] the 

results of the studies of destruction mechanisms of 

permeable concrete are presented; the articles [28, 31, 47, 

49, 50, 57, 58, 74] present the assessment of filtration 

ability; the authors of publications [13, 38, 51] pay their 

attention to the influence of the thickness of cement paste 

on the characteristics of highly permeable concrete. For 

convenient information perception, when describing the 

results of the studies of various authors on the graphs and 

in text, we gave references not only to the source of 

information, but also to the sample number indicated in 

the first column of Table 1.

The analysis of the results of experimental studies 

(Table 1) [1–5, 8–17, 19–38, 40–48, 54–65, 67–69, 75, 

76, 78, 79, 84] allowed structuring publications on the 

topic of highly permeable concrete with a draining effect 

according to the following criteria.

– By composition:

1. Based on cement without using a polymer binder

2. Based on cement using a polymer binder.

3. Based on a polymer or organo-polymer binder.

– According to the functional purpose:

1. Concrete for road and pavement.

2. Concrete for filtration systems and drains.

3. Decorative concrete with an organic plant layer.

A distinctive feature of mixtures for highly permeable 

concrete is the absence or minimum amount of fine 

aggregate, which provides a large-pore structure. The 

most commonly used binder is Portland cement, rarely 

bitumen. This is largely due to the fact that cement 

concrete pavements have a higher degree of reflection 

than asphalt concrete pavements, which means that they 

prevent the temperature rise of the urban pavement in 

summer and can save up to 31% of the cost of energy and 

maintenance spent on lighting these pavements.

Following the steady trend of recent decades in the 

direction of resource reduction and energy consumption 

of building materials industry, in order to reduce the 

binder consumption while maintaining its performance 

characteristics when designing highly permeable concrete, 

industrial wastes are used as active mineral additives 

(pyrogenic – fly ash, slag; mechanogenic – highly 

dispersed rock crushing fines). Depending on the method 

(separate introduction or joint grinding) and the amount 

of introduction, the authors consider this as the use of 

mineral additives [3, 11, 12, 15, 24, 25, 31, 56, 65, 75, 76] 

or as the preparation of a composite inorganic binder [13, 

16, 21, 57, 61, 69]. A separate layer of work is associated 

with the use of sulfoaluminate cement (fast-

hydrating) [4, 5], slag Portland cement [57] and pozzolanic 

cement [61] (sulfate-resistant), phosphate-magnesium 

cement (quick-hardening) [16] as a binder.

In view of the need to increase the water and frost 

resistance of highly permeable concrete and their 

mechanical properties, a number of works are based on 

the use of polymer binders, such as polyester resins [17], 

emulsions of ethylene vinyl acetate [35] and latex [64], 

silane polymer [9] as part of a raw material mixture, 

styrene-butadiene-styrene [7, 20, 46, 58–62, 64, 67]. 

Moreover, their content varies from 3.2% by weight of 

cement [34], which can be considered as an additive, to a 

“cement: polymer binder” ratio of 2: 1 [62], which 

corresponds to the concept of a composite organo-mineral 

binder. However, the high cost of polymers and the 

viscosity of some of them, for example, epoxy resin, as 

well as their sensitivity to open flame and elevated 

temperature, lead to the limit of their use, difficulties in 

mixing the components and destruction of the material, 

respectively. In this regard, the use of low cost polymer 

binder options, such as polyester resins, is recommended.

The optimum range of water-cement ratio in terms of 

strength and permeability is from 0.30 to 0.38, however, 

the increase in the content of cement paste can cause local 

clogging, segregation of cement and a decrease in 

permeability, leading to the formation of concrete with a 

low filtration capacity, despite the high porosity [11, 13, 

52, 77].

The aggregates in highly permeable concrete with a 

draining effect have a uniform or narrow fraction, mainly 

from 4.75 to 19.5 mm, which allows creating larger pores 

and improve permeability. Fine aggregate, as a rule, is 

excluded from permeable concrete, but the addition of a 

small amount (up to 7% of the mass of large aggregate) 

increases strength, density and frost resistance, while 

maintaining sufficient water throughput. The use of 

aggregates with high water absorption or low density leads 

to the decrease in frost resistance of concrete [14].

Most often, limestone aggregate is used in the analyzed 

works [2, 3, 10, 13, 30, 31, 33–35, 38, 45–47, 65], granite 

is used but less frequently [12, 23, 27 , 36, 62, 64, 76, 78], 

we also found the publications on the use of basalt [1, 15, 

25, 58], pumice [22, 30], expanded clay [4, 11], quarry 

stone [79], diabase [65], sandstone [ 59] (Fig. 3). This can 

be explained firstly, by the maximum use of local raw 

materials. Secondly, even with the presence of crushed 

stone from strong igneous or metamorphic rocks, the 

preference may be given to less strong carbonate rocks, 

which is associated with the absence of the need to use 

crushed stones of higher grades for road pavements with 

low throughput.

In the absence of the need to obtain high-quality 

concrete, quite often secondary products and industrial 

waste are introduced into the concrete mixture for highly 
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permeable concrete in the form of aggregate or its 

component [80]: crushed concrete screenings [25–27, 

62], construction waste [5, 9 , 57], glass fragments [19, 

26], rubber crumbs [42, 56, 67], ceramic brick waste [25], 

palm oil production waste [33, 36], slag waste [14, 16, 40], 

etc.  However, the excess of certain quantitative values of 

the input waste leads to a noticeable decrease in the 

strength of concrete, which limits their use.

The researchers note that despite the fact that mixing 

aggregates of different fractions improves mechanical 

properties, there is a decrease in porosity and filtration 

rate, which negatively affects highly permeable concrete. 

Rounded aggregate, such as gravel, pebbles, creates a 

denser packing, reducing porosity. Flaky placing in the 

same plane during compaction, also increases density, 

and also negatively affects the contact area and 

monolithization by binders [6, 9].

In order to improve the physic-mechanical properties 

of highly permeable concrete with a draining effect, as 

well as to improve the quality of other types of concrete 

[81, 82], micro-reinforcing additives such as basalt [1], 

polypropylene [35] and fiberglass [43, 57] and also 

nanomaterials as nanosilica [21, 55, 56] and nanoferrous 

[31] are used. The use of nanomaterials allows increasing 

strength, but the high cost of such components makes 

their use difficult [83].

Various functional additives are actively used. For 

example, plasticizers [2, 10–15, 21, 22, 24, 34–37, 40, 43, 

48, 57, 60, 63, 68, 69, 76, 84] increase the mobility of the 

mixture at a constant amount of water; set retarders [4, 47] 

increase the efficiency of the mixture by reducing the rate of 

cement hydration. Thickeners [20]; water reducing 

additives [3, 4, 20, 31, 45, 55, 75]; viscosity modifiers 

increasing the uniformity of the mixture and preventing the 

depletion of cement paste and air-entraining additives 

increasing the frost resistance of the cement matrix [37, 45] 

are also used. This group of additives also includes absorbing 

components that favorably affect the adhesive ability of 

highly permeable concrete, helping to improve the moisture 

resistance of the mixture and remove 

impurities, while lowering the pH of the 

filtered liquid (sample 68, 72) [57, 58].

It is necessary to note that in most 

works [2, 4, 5, 8, 11, 12, 15, 20, 24, 28, 

32, 42, 45, 58–60, 65, 67, 68], the 

functional properties of drainage 

concrete are studied, however, their 

numerical values are not given in the text 

of the articles.

Analyzing the operational properties 

of highly permeable concrete, we can say 

that the porosity of products from such 

concrete (Fig. 4) varies in the range from 

12.4 to 38% and depends on the type of 

aggregates and compaction method, the 

average porosity of the analyzed samples 

is as follows:

– for road and pavements surfaces – 

23.5%;

– for filtration systems and drainage systems – 21.4%;

– decorative concrete with an organic plant layer – 

31.4%.

At the same time, the lower boundaries of the average 

values of porosity are 15.7%, 14.2%, and 20.9%, 

respectively, and the upper ones are 31.4%, 28.5%, 41.9%. 

52 samples out of 63 fell into the zone of average values, 5 

samples were in the zone below the average (sample 

numbers in the table are 8, 17, 45, 54, 62), however, their 

porosity is not much lower than average.

The compressive strength (Fig. 5) ranges from 5.7 to 

73.9 MPa, the average values of the strength of the 

samples are 21.8 MPa, the lower limit of the average 

values of strength is as follows:

– for road and pavement surfaces – 22.7 MPa;

– for filtration systems and drainage systems – 13.0 

MPa;

– decorative concrete with an organic plant layer – 

10.2 MPa.

The upper boundaries of the average strength values 

are 30.2 MPa, 17.3 MPa, and 13.7 MPa, respectively. 35 

out of 64 samples fell into the zone of average values; 17 

samples were below the average. In some cases (sample 

numbers in the table are 7, 8, 19, 50, 51, 67), the strength 

indicators are significantly higher than the others.

The cement paste in permeable concrete is a very thin 

layer that binds the coarse aggregate particles together. If 

durable aggregate is used, porous concrete tends to 

collapse at the boundary line between cement stone and 

aggregate [85] and this leads to low compressive strength. 

In this regard, they strive to increase the adhesion of the 

binder to the aggregate, which is ensured by heteroepitaxial 

growth of cement hydration products on the surface of the 

aggregate, which acts as a substrate for crystallization of 

new growths [14].

The permeability coefficient of such concrete (Fig. 6) 

varies from 0.1 to 3.9 cm / s, the average values of sample 

permeability is as follows:

– for road and pavement surfaces – 1.0 cm/s;

Fig. 3. The frequency of use of various types of coarse aggregate in highly permeable concrete

Рис. 3. Частота использования различных видов крупного заполнителя в высокопроницае-
мых бетонах
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– for filtration systems and drainage systems – 

1.7 cm/s;

– decorative concrete with an organic plant layer – 

2.8 cm/s.

22 of 58 samples belong to the zone of average values 

(from 0.7, 1.1, 1.9 to 1.4, 2.2, 3.9 cm / s, respectively), 

13 samples (sample numbers in the table are 14, 26, 29, 

30, 33–36, 55, 63–65, 77) are characterized by increased 

drainage ability.

Highly permeable concrete with a draining effect, 

regardless of the functional purpose, is characterized by 

high porosity, as a rule, from 15%, water permeability – 

from 0.1 cm/s, significant absorption of noise and ambient 

temperature due to the porous structure of the material 

and its drainage ability. However, one of the negative 

factors affecting the efficiency of the use of such concrete 

is material degradation caused by temperature extremes 

(transitions through the zero mark), physical and 

biological clogging of the pore space, chemical and 

biocorrosion, and low strength.

To sum up the analyzed information from the point of 

view of the various functional purposes of highly permeable 

concrete, we distinguished the following distinctive 

features in terms of composition, requirements and 

operation.

Permeable concrete used in sidewalk construction has 

lower strength and durability compared to other types of 

pavements due to the presence of high porosity, which 

limits its use in places with high traffic density [82].

For concretes intended for single-layer or top layers of 

two-layer road pavements with a traffic intensity of 200–

6000 units/day, the minimum required design class of 

concrete in compressive strength is B25 [86], the average 

strength should be at least 32 MPa, highly permeable 

concrete with strength below normal can be used for the 

pavements with low traffic intensity (sample number in 

table 1–69).

Highly permeable concrete for filtration and drainage 

systems (sample number in table 70–74) differ from other 

materials in their functional purpose because of their 

higher resistance to aggressive environmental influences, 

lower strength (10–16 MPa) and porosity (15.5–25%), 

but with increased filtration capacity in relation to highly 

permeable concrete for road and sidewalk pavements.

As a rule, rainwater and groundwater contain fragments 

of heavy metals, permeable concrete for filtration and 

drainage systems allow water to pass through the thickness 

of the material, absorbing and binding heavy metals in 

groundwater. 

One of the most promising alternatives to traditional 

filters is the passive treatment of contaminated water with 

the use of highly permeable reactive barriers derived from 

concrete products. These barriers are designed to remove 

heavy metals dissolved in water and its acid reduction [11, 

12, 57]. Therefore, a separate technological task is the 

required regular care to restore filtration ability.

For example, the authors of the work [11] showed the 

possibility of the use of highly permeable concrete as a 

reactive barrier for water purification, removal of cadmium 

and Cd (II) ions using the chelation properties of 

thiocyanate. For this purpose, fly ash granules modified 

with 3-thiocyanatopropyltriethoxysilane are introduced 

into the concrete mixture, which allows sequestering 

heavy metals through the thiocyanate group.

It was found that the removal efficiencies of Al, Fe, 

Mn, Co, and Ni were 75%, 98%, 99%, 94%, and 95%, 

respectively, and a highly permeable reactive barrier can 

reduce water acidity (pH) [12]. The high degree of acid 

reduction and removal of metals by permeable concrete is 

explained by the dissolution of its component, portlandite. 

The mechanism for the removal of metals from water is 

the deposition of metal hydroxides.

In one of the works [57], the effect of accelerated 

carbonization and hydraulic delay time on the removal of 

lead (Pb) in a permeable concrete filter is studied. 

Accelerated carbonization technology suppresses the 

increase in the alkalinity of a solution, regardless of its 

initial pH, however, it increases the degree of calcium 

leaching. Therefore, the cost of such a filter increases. 

However, the time and materials required to process 

1000 liters of a solution containing 8 mg Pb in an amount 

of 84 mg/L with an efficiency of 84% are calculated as 

36 hours and 3127 euros, which is quite inexpensive in 

contrast to the currently used treatment facilities. In this 

regard, it is recommended to install pre-treatment blocks, 

that is, sand filters in front of a layer of highly permeable 

concrete, due to which it is possible to reduce the frequency 

of filter maintenance, the use of concrete waste (recycled 

aggregate) to reduce costs in the preparation of highly 

permeable concrete.

As it is mentioned above, highly permeable concrete, 

used in combination with plant objects, is not yet so 

common in the architectural design of many countries, 

including Russia. Decorative concretes with an organic 

plant layer are called “living” and “plant concrete” 

(sample numbers 75–78) [2–5]. There are several options 

for their realization:

– decorative “living” walls [2], vertically cast using 

standard formwork;

– retaining “living” walls [4, 5], designed to protect 

slopes along roads and river banks;

– “living” plates [3], a kind of grass lawn cover. 

The specificity of this type of concrete is the use of 

mineral components, such as biochar [3], which improves 

the germination of plant seeds in the concrete mix.

Special attention in the assessment of the operational 

properties of such varieties of concrete is paid to the 

chemical composition of the irrigation water passing 

through the concrete, the measurement of its pH and the 

rate of release of nitrogen and phosphorus (the release of 

fertilizers from plant concrete), as well as the adhesion of 

the layer of permeable concrete to the supporting part of 

the structure.

The service life of highly permeable concrete with a 

draining effect ranges from 6 to 20 years. The authors 

studying the effectiveness of the use of permeable concrete 

coatings note that with a high demand for this kind of 

material and a number of its advantages, the question of 
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susceptibility to clogging, leading to problems with 

serviceability and premature degradation, is still open.

Physical clogging can be caused by the accumulation 

of waste on the surface and in the structure of the pores. 

This is probably the most common mechanism.

As well as ordinary concrete, the degradation of 

permeable concrete during freezing-melting increases 

with a higher degree of saturation of the pore space with 

water. However, voids can provide some resistance to 

destruction provided that they are emptied before freezing. 

Therefore, it is recommended to place a highly permeable 

coating over the drained base and minimize the 

accumulation of free water in the thickness of concrete.

Biological clogging occurs due to the penetration of 

plant roots, the germination of algae and bacteria. The 

tasks associated with the increase of the biostability of 

concrete can be solved by the use of a set of measures in 

which, we should take into account the prospects for the 

use of active components [87, 88], as well as the possibility 

of bacterial biomineralization in addition to traditional 

materials science solutions. 

Thus, the analysis of the results of experimental studies 

performed by both national and foreign authors allowed 

structuring highly permeable concrete for its functional 

purpose. On the basis of this structuring we distinguished 

concrete for road and pavement surfaces, filtration and 

drainage systems, as well as decorative concrete with an 

organic plant layer, which, in turn, are used for both 

horizontal and vertical engineering solutions and 

characterized by high architectural expressiveness. 

Another ranking criterion was the type of binder – 

concrete based on cement, polymer or organo-polymer, 

and also on composite organo-mineral binder. By the type 

of mineral raw materials, which is used as a large aggregate, 

Fig. 4. Porosity of highly permeable concrete samples 

Рис. 4. Пористость образцов высокопроницаемого бетона

Fig. 5. Strength of highly permeable concrete samples 

Рис. 5. Прочность образцов высокопроницаемого бетона

Fig. 6. Water permeability coefficient of highly permeable concrete samples 

Рис. 6. Коэффициент водопроницаемости образцов высокопроницаемого бетона
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carbonate sedimentary (limestone) and aluminosilicate 

intrusive (granite) rocks are distinguished. The main 

controlled parameters during the evaluation of the 

effectiveness of highly permeable concrete include 

porosity of products, compressive strength and water 

permeability coefficient. 

Conclusion
This review article presents the analysis of the research 

results of numerous authors working in the direction of the 

optimization of compositions and search for technological 

solutions in order to improve the performance of highly 

permeable concrete, as well as expand the areas of their 

use. The accumulated empirical material made allowed 

generalizing and structuring the available data according to 

such criteria as the type of binder used, the genetic type of 

rocks used to obtain large aggregate and the type of 

functional additives. The analyzed physical and mechanical 

properties of concrete developed by various scientific 

groups allowed deriving the boundary values of porosity, 

strength and water permeability coefficient for concrete for 

various functional purposes – road and sidewalk 

pavements, filtration and drainage systems, decorative 

concrete with an organic plant layer. 

In connection with the expansion of the areas of use of 

drainage concrete, and taking into account the fact that all 

the functional areas of the use of highly permeable 

concrete are more or less related to liquid percolation, 

which, during the evaluation of the properties of such 

varieties of concrete, entails a change in the chemical 

composition of the irrigation water passing through the 

concrete and pH environment, the following tasks, 

designed to provide increased durability of materials still 

remain relevant and open:

– increase of resistance to aggressive influences of the 

operating environment, as well as the development of 

highly permeable composite (multicomponent) materials 

with prolonged corrosion resistance;

– optimization of the structure of the pore space in 

order to minimize clogging of the pores and increase the 

timing of the drainage function of materials;

– optimization of concrete composition in order to 

increase the mechanical and chemical filtration capacity.

The analysis of the existing problems allowed identifying 

the following ways to achieve the effectiveness of highly 

permeable concrete: the first is aimed at the increase of the 

contact area between the aggregate particles without 

reducing the total porosity of the concrete; the second one 

is aimed at the increase of the strength of the cement 

matrix and its adhesion to aggregates; the third one reduces 

the amount of soluble components in concrete.

These problems can be solved through the use of a 

complex of methods and approaches that are quite 

traditional for construction materials science. However, 

during the application of those methods it is necessary to 

take into account the specifics of the target functions 

facing products from highly permeable concrete such as:

– the choice of rational genetic types of rocks and 

industrial wastes that will satisfy the requirements as raw 

materials to obtain large aggregate for: water resistance; 

the ability to provide a given shape and surface morphology 

of the aggregate grains during crushing or in its natural 

form (for example, sedimentary clastic rocks); surface 

activity in relation to the binder to ensure its maximum 

possible adhesion; if necessary, to enhance the filtration 

function by sorption capacity;

– optimization of the grain composition of the 

aggregate, which includes: selection of the minimum 

possible strenght density of particles of coarse aggregate; 

determination of the rational shape and surface 

morphology of the aggregate particles in order to comply 

with the strength density requirement;

– optimization of the mineral composition of the 

matrix composite binder – a type of binder and active 

mineral components;

– the use of various types of additives such as: water-

reducing in order to increase the water resistance of 

cement stone, composing thin layers in the intergranular 

space of a large aggregate; active additives providing 

resistance to chemical and biocorrosion processes; 

components that increase adhesion.

There is no doubt, that all the above methods and 

approaches must comply with technical and economic 

criteria for the effectiveness of the use of certain materials, 

taking into account the regional specifics of the mineral 

resource base.

References

1. Zhen Dai, Hui Lia, Wenzhong Zhao, Xiangping 

Wang, Hanbing Wang, Haonan Zhou, Bing Yang. 

Multi-modified effects of varying admixtures on the 

mechanical properties of pervious concrete based 

on optimum design of gradation and cement-

aggregate ratio. Construction and Building Materials. 
2020. Vol. 233, pp. 1–9. DOI: 10.1016/j.

conbuildmat.2019.117178.

2. Benjamin Riley, François de Larrard, Valéry Malécot, 

Isabelle Dubois-Brugger, Hervé Lequay, Gilles 

Lecomte. Living concrete: Democratizing living walls. 

Science of the Total Environment. 2019. Vol. 673, 

pp. 281–295. DOI: 10.1016/j.scitotenv.2019.04.065.

3. Min Zhao, Yinghui Jia, Linjuan Yuan, Jing Qiu, Chao 

Xie. Experimental study on the vegetation characteristics 

of biochar-modified vegetation concrete. Construction 
and Building Materials. 2019. Vol. 206, pp. 321–328. 

DOI: 10.1016/j.conbuildmat.2019.01.238.

4. Jingping Zhou, Lei Ji, Chenchen Gong, Lingchao Lu, 

Xin Cheng. Ceramsite vegetated concrete with water 

and fertilizer conservation and light weight: Effect of 

w/c and fertilizer on basic physical performances of 

concrete and physiological characteristics of festuca 

arundinacea. Construction and Building Materials. 
2020. Vol. 236, pp. 1–12. DOI: 10.1016/j.

conbuildmat.2019.117785.



®

научно�технический и производственный журнал

April 2020 61

Concretes: science and practice

5. Laibo Li, Mingxu Chen, Xiangming Zhou, Lingchao 

Lu, Yi Wang, Xin Cheng. Evaluation of the preparation 

and fertilizer release performance of planting concrete 

made with recycled-concrete aggregates from 

demolition. Journal of Cleaner Production. 2018. 

Vol. 200, pp. 54–64. DOI: 10.1016/j.jclepro.2018.07.264.

6. Alalea Kia, Hong S. Wong, Christopher R. Cheeseman. 

Clogging in permeable concrete: A review. Journal 
of Environmental Management. 2017. Vol. 193, 

pp. 221–233. DOI: 10.1016/j.jenvman.2017.02.018.

7. Jiusu Li, Yi Zhang, Guanlan Liu, Xinghai Peng. 

Preparation and performance evaluation of an 

innovative pervious concrete pavement. Construction 
and Building Materials. 2017. Vol. 138, pp. 479–485. 

DOI: 10.1016/j.conbuildmat.2017.01.137.

8. Shigemitsu Hatanaka, Zilola Kamalova, Morihiro 

Harada. Construction of a nonlinear permeability 

model of pervious concrete and drainage simulation 

of heavy rain in a residential area. Results in 
Materials. 2019. Vol. 3, pp. 1–6. DOI: 10.1016/j.

rinma.2019.100033.

9. Tiejun Liu, Zhongzhen Wang, Dujian Zou , Ao Zhou, 

Junze Du. Strength enhancement of recycled aggregate 

pervious concrete using a cement paste redistribution 

method. Cement and Concrete Research. 2019. Vol. 122, 

pp. 72–82. DOI: 10.1016/j.cemconres.2019.05.004.

10. Junbo Sun, Junfei Zhang, Yunfan Gu, Yimiao Huang, 

Yuantian Sun, Guowei Ma. Prediction of permeability 

and unconfined compressive strength of pervious 

concrete using evolved support vector regression. 

Construction and Building Materials. 2019. Vol. 207, 

pp. 440–449. DOI: 10.1016/j.conbuildmat.2019.02.117.

11. Peng Liu, Yining Gao, Fazhou Wang, Lu Yang. 

Preparation of pervious concrete with 3-thiocyanat

opropyltriethoxysilane modified fly ash and its use 

in Cd (II) sequestration. Journal of Cleaner 

Production. 2019. Vol. 212, pp. 1–7. DOI: 10.1016/j.

jclepro.2018.11.242.

12. Ayanda N. Shabalala, Stephen O. Ekolu, Souleymane 

Diop, Fitsum Solomon. Pervious concrete reactive 

barrier for removal of heavy metals from acid mine 

drainage – column study. Journal of Hazardous 
Materials. 2017. Vol. 323, pp. 641–653. DOI: 10.1016/j.

jhazmat.2016.10.027.

13. Xiaogeng Xie, Tongsheng Zhanga, Yongmin Yang, 

Ziyu Lin, Jiangxiong Wei, Qijun Yu. Maximum paste 

coating thickness without voids clogging of pervious 

concrete and its relationship to the rheological 

properties of cement paste. Construction and Building 
Materials. 2018. Vol. 168, pp. 732–746. DOI: 10.1016/j.

conbuildmat.2018.02.128.

14. Ali Rezaei Lori, Abolfazl Hassani, Reza Sedghi. 

Investigating the mechanical and hydraulic 

characteristics of pervious concrete containing copper 

slag as coarse aggregate. Construction and Building 
Materials. 2019. Vol. 197, pp. 130–142. DOI: 10.1016/j.

conbuildmat.2018.11.230.

15. Hanbing Wang, Hui Li, Xiao Liang, Haonan Zhou, 

Ning Xie, Zhen Dai. Investigation on the mechanical 

properties and environmental impacts of pervious 

concrete containing fly ash based on the cement-

aggregate ratio. Construction and Building Materials. 
2019. Vol. 202, pp. 387–395. DOI: 10.1016/j.

conbuildmat.2019.01.044.

16. Lei Lang, Haijuan Duan, Bing Chen. Properties of 

pervious concrete made from steel slag and magnesium 

phosphate cement. Construction and Building Materials. 
2019. Vol. 209, pp. 95–104. DOI: 10.1016/j.

conbuildmat.2019.03.123.

17. Mojtaba Tabatabaeian, Alireza Khaloo, Hooman 

Khaloo. An innovative high performance pervious 

concrete with polyester and epoxy resins. Construction 
and Building Materials. 2019. Vol. 228, pp. 1–22. 

DOI: 10.1016/j.conbuildmat.2019.116820.

18. Zhen Dai, Hui Li, Wenzhong Zhao, Xiangping Wang, 

Hanbing Wang, Haonan Zhou, Bing Yang. Multi-

modified effects of varying admixtures on the mechanical 

properties of pervious concrete based on optimum 

design of gradation and cement-aggregate ratio. 

Construction and Building Materials. 2020. Vol. 233, 

pp. 1–9. DOI: 10.1016/j.conbuildmat.2019.117178.

19. Jian-Xin Lu, Xin Yan, Pingping He, Chi Sun Poon. 

Sustainable design of pervious concrete using waste 

glass and recycled concrete aggregate. Journal of 
Cleaner Production. 2019. Vol. 234, pp. 1102–1112. 

DOI: 10.1016/j.jclepro.2019.06.260.

20. M.Uma Maguesvari, V.L. Narasimha. Studies on 

characterization of pervious concrete for pavement 

applications. Procedia – Social and Behavioral 
Sciences. 2013. Vol. 104, pp. 198–207. DOI: 10.1016/j.

sbspro.2013.11.112.

21. Bashar S. Mohammed, Mohd Shahir Liew, Wesam S. 

Alaloul, Veerendrakumar C. Khed, Cheah Yit Hoong, 

Musa Adamu. Properties of nano-silica modified 

pervious concrete. Case Studies in Construction 
Materials. 2018. Vol. 8, pp. 409–422. DOI: 10.1016/j.

cscm.2018.03.009.

22. Mohsen Sartipi, Farid Sartipi. Stormwater retention 

using pervious concrete pavement: Great Western 

Sydney case study. Case Studies in Construction 
Materials. 2019. Vol. 11, pp. 1–8. DOI: 10.1016/j.

cscm.2019.e00274.

23. Shengnan Dai, Xianghao Wu, Haoran Zhou, Wei Li, 

Xingquan Jiang, Binghan Liang. Experimental study 

on mechanical properties of permeable concrete. 

Earth and Environmental Science. 2019. Vol. 233, 

pp. 1–6. DOI: 10.1088/1755-1315/233/3/032037.

24. Ramkrishnan R., Abilash B., Mansi Trivedi, Varsha P., 

Varun P., Vishanth S. Effect of mineral admixtures on 

pervious concrete. Materials Today: Proceedings. 2018. 

Vol. 5, pp. 24014–24023. DOI: https://doi.

org/10.1016/j.matpr.2018.10.194

25. Gersson F.B. Sandoval, Isaac Galobardes, Raquel S. 

Teixeira, Berenice M. Toralles. Comparison between the 

falling head and the constant head permeability tests to 

assess the permeability coefficient of sustainable Pervious 

Concretes. Case Studies in Construction Materials. 2017. 

Vol. 7, pp. 317–328. DOI: 10.1016/j.cscm.2017.09.001.



научно�технический и производственный журнал
®

62 April 2020

Concretes: science and practice

26. Jian-Xin Lu, Xin Yan, Pingping He, Chi Sun Poon. 

Sustainable design ofpervious concrete using wasteglass 

and recycled concrete aggregate. Journal of Cleaner 
Production. 2019. Vol. 234, pp. 1102–1112. 

DOI: 10.1016/j.jclepro.2019.06.260.

27. Soon Poh Yap, Paul Zhao Chiat Chen, Yingxin Goh, 

Hussein Adebayo Ibrahim, Kim Hung Mo, Choon Wah 

Yuen. Characterization of pervious concrete with 

blended natural aggregate and recycled concrete 

aggregates. Journal of Cleaner Production. 2018. Vol. 181, 

pp. 155–165. DOI: 10.1016/j.jclepro.2018.01.205.

28. Murugan Muthu, Manu Santhanam, Mathava Kumar. 

Pb removal in pervious concrete filter: Effects of 

accelerated carbonation and hydraulic retention time. 

Construction and Building Materials. 2018. Vol. 174, 

pp. 224–232. DOI: 10.1016/j.conbuildmat.2018.04.116.

29. Ivanka Netinger Grube a, Ivana Bari i , Vilma 

Ducman, Lidija Korat. Draining capability of single-

sized pervious concrete. Construction and Building 
Materials. 2018. Vol. 169, pp. 252–260. DOI: 10.1016/j.

conbuildmat.2018.03.037.

30. Hatice Öznur Öz. Properties of pervious concretes 

partially incorporating acidic pumice as coarse 

aggregate. Construction and Building Materials. 
2018. Vol. 166, pp. 601–609. DOI: 10.1016/j.

conbuildmat.2018.02.010.

31. Valerie López-Carrasquillo, Sangchul Hwang. 

Comparative assessment of pervious concrete mixtures 

containing fly ash and nanomaterials for compressive 

strength, physical durability, permeability, water 

quality performance and production cost. Construction 
and Building Materials. 2017. Vol. 139, pp. 148–158. 

DOI: 10.1016/j.conbuildmat.2017.02.052.

32. Dang Hanh Nguyena, Mohamed Boutouil, Nassim 

Sebaibi, Fabienne Baraud, Lydia Leleyter. 

Durability of pervious concrete using crushed 

seashells. Construction and Building Materials. 
2017. Vol. 135, pp. 137–150. DOI: 10.1016/j.

conbuildmat.2016.12.219.

33. Elnaz Khankhaje, Mohd Razman Salim, Jahangir 

Mirza, Mohd Warid Hussin, Mahdi Rafieizonooz. 

Properties of sustainable lightweight pervious 

concrete containing oil palm kernel shell as coarse 

aggregate. Construction and Building Materials. 
2016. Vol. 126, pp. 1054–1065. DOI: 10.1016/j.

conbuildmat.2016.09.010.

34. Juanlan Zhou, Mulian Zheng, Qi Wang, Jiangang 

Yang, Tianfa Lin. Flexural fatigue behavior of polymer-

modified pervious concrete with single sized aggregates. 

Construction and Building Materials. 2016. Vol. 124, 

pp. 897–905. DOI: 10.1016/j.conbuildmat.2016.07.136.

35. Hao Wu, Zhuo Liu, Beibei Sun, Jian Yin. Experimental 

investigation on freeze–thaw durability of Portland 

cement pervious concrete (PCPC). Construction and 
Building Materials. 2016. Vol. 117, pp. 63–71. 

DOI: 10.1016/j.conbuildmat.2016.04.130.

36. Hussein Adebayo Ibrahim, Hashim Abdul Razak. 

Effect of palm oil clinker incorporation on properties 

of pervious concrete. Construction and Building 

Materials. 2016. Vol. 115, pp. 70–77. DOI: 10.1016/j.

conbuildmat.2016.03.181.

37. Nicholas A. Brake, Hamid Allahdadi, Fatih Adam. 

Flexural strength and fracture size effects of pervious 

concrete. Construction and Building Materials. 
2016. Vol. 113, pp. 536–543. DOI: 10.1016/j.

conbuildmat.2016.03.045.

38. Anthony Torres, Jiong Hu, Amy Ramos. The effect of 

the cementitious paste thickness on the performance 

of pervious concrete. Construction and Building 
Materials. 2015. Vol. 95, pp. 850–859. DOI: 10.1016/j.

conbuildmat.2015.07.187.

39. Alessandra Bonicelli, Filippo Giustozzi, Maurizio 

Crispino. Experimental study on the effects of fine sand 

addition on differentially compacted pervious concrete. 

Construction and Building Materials. 2015. Vol. 91, 

pp. 102–110. DOI: 10.1016/j.conbuildmat.2015.05.012.

40. K. osi , L. Korat, V. Ducman, I. Netinger. 

Influence of aggregate type and size on properties of 

pervious concrete. Construction and Building 
Materials. 2015. Vol. 78, pp. 69–76. DOI: 10.1016/j.

conbuildmat.2014.12.073.

41. Dang Hanh Nguyen, Nassim Sebaibi, Mohamed 

Boutouil, Lydia Leleyter, Fabienne Baraud. A 

modified method for the design of pervious 

concrete mix. Construction and Building Materials. 
2014. Vol. 73, pp. 271–282. DOI: 10.1016/j.

conbuildmat.2014.09.088.

42. Mehmet Gesoglu, Erhan Güneyisi, Ganjeena 

Khoshnaw, Süleyman Ipek. Abrasion and freezing–

thawing resistance of pervious concretes containing 

waste rubbers. Construction and Building Materials. 
2014. Vol. 73, pp. 19–24. DOI: 10.1016/j.

conbuildmat.2014.09.047.

43. Saeid Hesami, Saeed Ahmadi, Mahdi Nematzadeh. 

Effects of rice husk ash and fiber on mechanical 

properties of pervious concrete pavement. Construction 
and Building Materials. 2014. Vol. 53, pp. 680–691. 

DOI: 10.1016/j.conbuildmat.2013.11.070.

44. Sonebi M., Bassuoni M.T. Investigating the effect of 

mixture design parameters on pervious concrete by 

statistical modelling. Construction and Building 
Materials. 2013. Vol. 38, pp. 147–154. DOI: 10.1016/j.

conbuildmat.2012.07.044.

45. Xiang Shu, Baoshan Huang, Hao Wu, Qiao Dong, 

Edwin G. Burdette. Performance comparison of 

laboratory and field produced pervious concrete 

mixtures. Construction and Building Materials. 2011. 

Vol. 25, pp. 3187–3192. DOI: 10.1016/j.

conbuildmat.2011.03.002.

46. Baoshan Huang, Hao Wu, Xiang Shu, Edwin G. 

Burdette. Laboratory evaluation of permeability and 

strength of polymer-modified pervious concrete. 

Construction and Building Materials. 2010. Vol. 24, 

pp. 818–823. DOI: 10.1016/j.conbuildmat.2009.10.025.

47. Pieralisi R., Cavalaro S.H.P., Aguado A. Discrete 

element modelling of the fresh state behavior of pervious 

concrete. Cement and Concrete Research. 2016. Vol. 90, 

pp. 6–18. DOI: 10.1016/j.cemconres.2016.09.010.



®

научно�технический и производственный журнал

April 2020 63

Concretes: science and practice

48. Liana C., Zhuge Y. Optimum mix design of 

enhanced permeable concrete – An experimental 

investigation. Construction and Building Materials. 
2010. Vol. 24, pp. 2664–2671. DOI: 10.1016/j.

conbuildmat.2010.04.057.

49. Holmes Ryan R., Hart Megan L., Kevern John T. 

Heavy metal removal capacity of individual 

components of permeable reactive concrete. Journal of 
Contaminant Hydrology. 2017. Vol. 196, pp. 52–61. 

DOI: 10.1016/j.jconhyd.2016.12.005.

50. Solpuker U., Sheets J., Kim Y., Schwartz F.W. 

Leaching potential of pervious concrete and 

immobilization of Cu, Pb and Zn using pervious 

concrete. Journal of Contaminant Hydrology. 2014. 

Vol. 196, pp. 35–48. DOI: 10.1016/j.

jconhyd.2014.03.002.

51. Xiaogeng Xie, Tongsheng Zhang, Yongmin Yang, 

Ziyu Lin, Jiangxiong Wei, Qijun Yu. Maximum 

paste coating thickness without voids clogging of 

pervious concrete and its relationship to the 

rheological properties of cement paste. Construction 
and Building Materials. 2018. Vol. 168, pp. 732–746. 

DOI: 10.1016/j.conbuildmat.2018.02.128.

52. Mo L.T., Huurman M., Wu S.P., Molenaar A.A.A. 

Bitumen–stone adhesive zone damage model for the 

meso-mechanical mixture design of ravelling resistant 

porous asphalt concrete. International Journal of 
Fatigue. 2011. Vol. 33, pp. 1490–1503. DOI: 10.1016/j.

ijfatigue.2011.06.003.

53. Brake Nicholas A., Allahdadi Hamid, Adam Fatih. 

Flexural strength and fracture size effects of pervious 

concrete. Construction and Building Materials. 
2016. Vol. 113, pp. 536–543. DOI: 10.1016/j.

conbuildmat.2016.03.045.

54. Gerharz B. Pavements on the base of polymer-

modified drainage concrete. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects. 1999. 

Vol. 152, pp. 205–209. https://doi.org/10.1016/

S0927-7757(98)00831-0

55. Toplicic-Curcic Gordana, Grdic Dusan, Ristic 

Nenad, Grdi  Zoran. Environmental importance, 

composition and properties of pervious concrete. 

Gradjevinski materijali i konstrukcije. 2016. Vol. 59, 

pp. 15-27. 10.5937/grmk1602015T.

56. Cheng Yee Ng, Anaqi Ratna Narong, Aifaa Balqis 

Kamarul Zaman, Zahiraniza Mustaffa, Bashar S. 

Mohammed, Lee Woen Ean. Properties of 

modified high permeable concrete with a crumb 

rubber. The Open Civil Engineering Journal. 2019. 

Vol. 13, pp. 82–91. DOI: 10.2174/1874149501913

010082.

57. Seung Bum Park, Byung Jae Lee, Jun Lee, Young Il 

Jang. A study on the seawater purification 

characteristics of water-permeable concrete using 

recycled aggregate. Resources, Conservation and 
Recycling. 2010. Vol. 54, pp. 658–665. DOI: 10.1016/j.

resconrec.2009.11.006.

58. Xiaodi Hu, Kang Dai, Pan Pan. Investigation of 

engineering properties and filtration characteristics of 

porous asphalt concrete containing activated carbon. 

Journal of Cleaner Production. 2019. Vol. 209, 

pp. 1484–1493. DOI: 10.1016/j.jclepro.2018.11.115.

59. Poulikakos L.D., Sedighi Gilani M., Derome D., 

Jerjen I., Vontobel P. Time resolved analysis of 

water drainage in porous asphalt concrete using 

neutron radiography. Applied Radiation and Isotopes. 
2013. Vol. 77, pp. 5–13. DOI: 10.1016/j.

apradiso.2013.01.040.

60. Eduardo-Javier Elizondo-Martínez, Valerio-Carlos 

Andres-Valeri, Daniel Jato-Espino, Jorge 

Rodriguez-Hernandez. Review of porous concrete 

as multifunctional and sustainable pavement. 

Journal of Building Engineering. 2020. Vol. 27, 

pp. 1–9. DOI: 10.1016/j.jobe.2019.100967.

61. Sourabh Rahangdale, Shobhit Maran, Sumit 

Lakhmanil, Mayuresh Gidde. Study of pervious 

concrete. International Research Journal of Engineering 
and Technology (IRJET). 2017. Vol. 6, pp. 2563–2566. 

https://www.irjet.net/archives/V4/i6/IRJET-

V4I6648.pdf

62. Muhammad Aamer Rafique Bhutta, Nor Hasanah, Nur 

Farhayu, Mohd Warid Hussin, Mahmood bin Md 

Tahir, J. Mirza. Properties of porous concrete from 

waste crushed concrete (recycled aggregate). Construction 
and Building Materials. 2013. Vol. 47, pp. 1243–1248. 

DOI: 10.1016/j.conbuildmat.2013.06.022.

63. Lian C., Zhuge Y., Beecham S. The relationship between 

porosity and strength for porous concrete. Construction 
and Building Materials. 2011. Vol. 25, pp. 4294–4298. 

DOI: 10.1016/j.conbuildmat.2011.05.005.

64. Muhammad Aamer Rafique Bhutta, Nor Hasanah, Nur 

Farhayu, Mohd Warid Hussin, Mahmood bin Md Tahir, 

J. Mirza. Properties of porous concrete from waste 

crushed concrete (recycled aggregate). Construction and 
Building Materials. 2013. Vol. 47, pp. 1243–1248. 

DOI: 10.1016/j.conbuildmat.2013.06.022.

65. Gelong Xu, Weiguo Shen, Xujia Huo, Zhifeng Yang, 

Jing Wang, Wensheng Zhang, Xiaoli Ji. Investigation 

on the properties of porous concrete as road 

base material. Construction and Building Materials. 
2018. Vol. 158, pp. 141–148. DOI: 10.1016/j.

conbuildmat.2017.09.151.

66. Wuguang Lin, Dae-Geun Park, Sung Woo Ryu, 

Byeong-Tae Lee, Yoon-Ho Cho. Development of 

permeability test method for porous concrete block 

pavement materials considering clogging. Construction 
and Building Materials. 2016. Vol. 118, pp. 20–26. 

DOI: 10.1016/j.conbuildmat.2016.03.107.

67. Weiguo Shena, Lai Shan, Tao Zhang, Hongkun Ma, 

Zhi Cai, Hua Shi. Investigation on polymer–rubber 

aggregate modified porous concrete. Construction and 
Building Materials. 2013. Vol. 38, pp. 667–674. 

DOI: 10.1016/j.conbuildmat.2012.09.006.

68. Aamer Rafique Bhutta M., Tsuruta K., Mirza J. 

Evaluation of high-performance porous concrete 

properties. Construction and Building Materials. 
2012. Vol. 31, pp. 67–73. DOI: 10.1016/j.

conbuildmat.2011.12.024.



научно�технический и производственный журнал
®

64 April 2020

Concretes: science and practice

69. Chao Xie, Linjuan Yuan, Min Zhao, Yinghui Jia. 

Study on failure mechanism of porous concrete based 

on acoustic emission and discrete element method. 

Construction and Building Materials. 2020, pp. 1–10. 

DOI: 10.1016/j.conbuildmat.2019.117409.

70. СП 28.13330.2017. Свод правил. Защита строи-

тельных конструкций от коррозии. Актуализиро-

ванная редакция СНиП 2.03.11–85. Введен 

28.08.2017.

70. SP 28.13330.2017. Svod pravil. Zashhita stroitel’nyh 

konstrukcij ot korrozii. Aktualizirovannaja redakcija 

SNiP 2.03.11–85 [SP 28.13330.2017. Set of rules. 

Protection of building structures against corrosion. 

Updated edition of SNiP 2.03.11–85]. 

Introduced28.08.2017. (In Russian).

71. Harada S., Yanbe M. Adsorption by and artificial 

release of zinc and lead from porous concrete for 

recycling of adsorbed zinc and lead and of porous 

concrete to reduce urban non-point heavy metal 

runoff. Chemosphere. 2018. Vol. 197, pp. 451–456. 

DOI: 10.1016/j.chemosphere.2018.01.044.

72. Elnaz Khankhaje, Mohd Razman Salim, Jahangir 

Mirza, Salmiati, Mohd Warid Hussin, Rawid Khan, 

Mahdi Rafieizonooz. Properties of quiet pervious 

concrete containing oil palm kernel shell and 

cockleshell. Applied Acoustics. 2017. Vol. 122, pp. 113–

120. DOI: 10.1016/j.apacoust.2017.02.014.

73. Dergunova A.V., Piksajkina A.A. The use of porous 

sidewalks in creating the infrastructure of the urban 

environment. Vestnik MGSU. 2018. Vol. 13. 

No. 12 (123), pp. 1440–1447. (In Russian).

74. Kebede Keterew Kefeni, Bhekie Brilliance Mamba. 

Evaluation of charcoal ash nanoparticles pollutant 

removal capacity from acid mine drainage rich in 

iron and sulfate. Journal of Cleaner Production. 
2020. Vol. 251, pp. 1–14. DOI: 10.1016/j.

jclepro.2019.119720.

75. Jinman Wang , Qian Qin, Sijia Hu, Kening Wu. A 

concrete material with waste coal gangue and fly ash 

used for farmland drainage in high groundwater level 

areas. Journal of Cleaner Production. 2016. Vol. 112, 

pp. 631–638. DOI: 10.1016/j.jclepro.2015.07.138.

76. Romanenko I.I., Petrovnina I.N., Romanenko M.I. 

Porous concrete in road construction. Inzhenernyi 
vestnik Dona. 2019. No. 2 (53), pp. 50. (In Russian).

77. Lesovik R.V., Sopin D.M., Mitrohin A.A. Krupno-

poristyj beton dlja malojetazhnogo stroitel’stva na 

kompozicionnyh vjazhushhih. Vestnik of the Belgorod 
State Technological University named after V.G. Shu-
khov. 2016. No. 10, pp. 45–50. (In Russian).

78. Aryn B.A. Justification for the use of porous concrete 

as a base and drainage of structures. Izvestija 
Vserossijskogo nauchno-issledovatel’skogo instituta 
gidrotehniki named after B.E. Vedeneeva. 2016. 

Vol. 281, pp. 101–108. (In Russian).

79. Mohammed Seddik Meddah, Salim Zitouni Saïd 

Belâabes. Effect of content and particle size 

distribution of coarse aggregate on the compressive 

strength of concrete. Construction and Building 

Materials. 2010. Vol. 24, pp. 505–512. DOI: 10.1016/j.

conbuildmat.2009.10.009.

80. Lesovik V.S., Ageeva M.S., Ivanov A.V. Granular 

slag in the production of composite binders. 

Vestnik of the Belgorod State Technological 
University named after V.G. Shukhov. 2011. No. 3, 

pp. 29–32. (In Russian).

81. Belentsov Yu.A., Lesovik V.S., Il’inskaya G.G. 

Enhancement of reliability of structures by controlling 

parameters of a composition material. Stroitel’nye 
Materialy [Construction Materials] 2011. No. 3, 

pp. 90–92. (In Russian).

82. Kosuhin M.M., Kosuhin A.M., Sharapova Ju.A., 

Sharapov O.N. Ensuring the durability, operational 

reliability, comfort and environmental safety of the 

road network by using cement concrete pavements on 

a modified binder. Vestnik of the Belgorod State 
Technological University named after V.G. Shukhov. 
2016. No. 3, pp. 31–37. (In Russian).

83. Korolev E.V. Principle of realization of nanotechnology 

in building materials science. Stroitel’nye Materialy 
[Construction Materials]. 2013. No. 6, pp. 60–64. 

(In Russian).

84. Sonebi M., Bassuoni M.T. Investigating the effect of 

mixture design parameters on pervious concrete by 

statistical modelling. 2013. Vol. 38, pp. 147–154. 

DOI: 10.1016/j.conbuildmat.2012.07.044.

85. Strokova V.V., Babaev V.B., Markov A.Ju., Sobo-

lev K.G., Neljubova V.V. Comparative assessment of 

pavement structures using cement concrete. Stroitel’nye 
materialy i izdeliya. 2019. Vol. 2. No. 4, pp. 56–63. 

(In Russian).

86. Avtomobil’nye dorogi. Stroitel’nye normy i pravila. 

SNIP 2.05.02–85 (utv. Postanovleniem GOSSTROJa 

SSSR ot 17.12.85 No. 233) (red. ot 08.06.95). 

[Highways. Building regulations. SNIP 2.05.02–85 

(approved by the Decree of the GOSSTROY of the 

USSR dated 17.12.85 No. 233) (As amended on 

08.06.95)]. (In Russian).

87. Erofeev V.T., Fedorcov A.P., Bogatov A.D., Fedor-

cov V.A. Biocorrosion of cement concrete, features of 

its development, assessment and forecasting. 

Fundamental’nye issledovaniya. 2014. No. 12–4, 

pp. 708-716. (In Russian).

88. Erofeev V.T., Bogatov A.D., Fedorcov A.P., Pron’kin 

S.P. Investigation of damage mechanisms of bitu-

men composites under conditions of exposure to 

biological aggressive environment. Fundamental’nye 
issledovaniнa. 2015. No. 2–13, pp. 2787–2800. 

(In Russian).

89. Strokova V.V., Vlasov D.Yu., Frank-Kamenets-

kaya O.V., Dukhanina U.N., Balitsky D.A. Application 

of microbial carbonate biomineralization in 

biotechnologies of building materials creation and 

restoration: analysis of the state and prospects of 

development. Stroitel’nye Materialy [Construc-

tion Materials]. 2019. No. 9, pp. 83–103. (In Rus-

sian). DOI: https://doi.org/10.31659/0585-

430X-2019-774-9-83-103


